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INTRODUCTION 
"A stimulus always has some successive order. It has 
some structure in 'time.' At the very least there is a tran­
sition at the beginning and another at the end, so that the 
stimulus is never a mathematical instant. It has sequential 
structure just as inevitably as it has simultaneous struc­
ture" (Gibson, 1966, p. 40). 
Considering Gibson's statement in terms of visual form perception, 
a basic question remains. Is it feasible to investigate the processing 
of visual form by presenting parts of the form in temporal sequence? 
For obvious reasons, investigations of visual form perception have 
tended to concentrate on spatial rather than temporal factors. Some 
prominent theories of form perception have given temporal factors a 
central role. This has been done through the postulation of a scanning 
process. 
Wiener (1948) proposed a model of the visual system in which the 
key to the processing of fom was a scanning process not unlike the two-
dimensional scanning of a television raster. While Wiener's description 
of the model was complex in detail, its central theme was this sequential 
processing of sensory inputs. 
In a classic paper, Pitts and McCulloch (1947) described a neuro-
physiological model that was equivalent to Wiener's for the processing 
of form. In the Pitts and McCulloch version, the essential scanning 
process was performed by neural nets in the visual cortex. 
Two other theoretical approaches to form perception involving a 
somewhat different type of scanning mechanism are represented by Hebb 
(1949) and Attneave (1954), both of whom emphasize the importance of eye 
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movements in the scanning of spatial patterns. Hebb (1949) proposed a 
scanning mechanism of this type as a part of his explanation of the 
learning of form constancy. 
Attneave (1954) suggested a scanning model to facilitate the applica­
tion of information theory to problems of visual form perception. In 
this case, the scanning process would transform the two spatial dimen­
sions of a plane surface into a single sequence in time. 
Conceptually then, both temporal and spatial factors have been 
considered when addressing the question of how visual form is processed, 
and at least two kinds of scanning mechanisms have been proposed. Un­
fortunately, neither kind of theory suggests a means of manipulating the 
postulated scanning processes. On the one hand, an internal scanning 
mechanism is postulated which by definition is not amenable to control. 
On the other hand, there is the problem of dealing with both voluntary 
and involuntary eye movements. 
Moreover, the models of Pitts and McCulloch (1947) and Hebb (1949) 
do not seem to fit very well with some of the more recent research on 
the neurophysiology of the visual system. 
Hubel and Wiesel (1962; 1965) have presented evidence which indicates 
that the processing of visual form may start at the retina and continue 
through hierarchical levels of organization to and within the striate 
cortex and beyond. They have identified single cells in the striate 
cortex of cats which respond only to stimuli with a specific orientation, 
such as black bars against a white background, slits of light, or edges --
white to one side and black to the other. These types of cells, referred 
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to as "simple cortical cells" appear to be the first level of organiza­
tion in the visual system which respond to contour. Moreover, evidence 
indicates that these bar, edge, and slit detectors are available at 
birth (Wiesel and Hubel, 1963). 
Three additional levels of organization beyond the simple cortical 
cell have been identified by Hubel and Wiesel (1965). The characteris­
tics of the response of the cortical cells at each level are such that 
they appear to be the result of processing neural activity projected 
from cells in the next lower level in the hierarchical organization. 
The organization of the visual system then, as proposed by Hubel 
and Wiesel, would first produce a recognizable aspect of form — the 
straight-line contour — at the simple cortical cell level. The highest 
level of organization identified so far by Hubel and Wiesel is made up_ 
of cortical cells which will respond to dark bars differing in orienta­
tion by 90°. This is a significant finding in relation to the organiza­
tion of the visual system since at all lower levels of organization in 
the cortex, cells are sensitive to stimuli of only one predominant orien­
tation. The neurophysiological data at this level are still tentative. 
While the extrapolation of these findings to postulate yet higher orders 
of organization is tempting, there are no data to support such extrapola­
tions . 
McFarland (1964; 1965) has emphasized time as a variable in visual 
form perception. He has also attempted to relate his theoretical account 
to the findings of Hubel and Wiesel. 
McFarland proposed a central mechanism in the visual system that 
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performs operations of analysis and integration. The analytical phase 
includes the production of sequences of responses to line and to angle 
portions of retinal stimulation. Integration entails the production of 
a response to the product of analysis. Thus, in terms of the model, per­
ception of a form's parts as simultaneous in time and joined in space is 
the result of these operations of analysis and integration. 
In this account, the analytical phase is attributed to first-order 
cells in the visual cortex comparable to Hubel's "simple cortical cells." 
The integration of these part responses is accomplished by virtue of 
converging projections from first to second order cortical units. 
To provide data in support of his model, McFarland (1965) presented 
the parts of an equilateral triangle in temporal sequence. The triangle 
was composed of luminous lines (.44 ft.-lamberts) subtending 1 degree of 
visual angle on a side. Two types of form parts were used -- sides and 
angles. The angle parts were formed by bisecting the sides of the tri­
angle. Form parts were flashed in sequence for 10 msec. each. Interpart 
intervals were maintained equal and varied from 0 to 300 msec, in 25 msec, 
intervals. A trial consisted of the presentation of a single sequence of 
the form parts. 
After each presentation, the observer was instructed to report 
whether the form parts appeared simultaneous, overlapping, or successive 
in time. They were also asked to judge on each trial whether or not the 
form parts appeared joined to make a perfect triangle — making this 
latter judgment "as if the sides were simultaneous." 
McFarland found that his subjects were more sensitive to sequencing 
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when angles were used than when sides were used. That is, the threshold 
of simultaneity was lower when angle parts were presented. He concluded 
that these results support the position of Hebb (1963) that perception 
of form entails a response to line parts of a form (analysis) and then 
a response to this response (integration). An alternative interpretation 
was also offered based on the assumption that differential responses 
occur to line and angle parts of a form both in the analysis and inte­
gration phases. 
Obviously, there is a great deal of commuralit" between the proce­
dures used by McFarland and those used in a eo.^d dtal of the critical 
flicker fusion (CFF) and apparent movement research. McFarland (1964) 
has acknowledged his use of methods used in the investigation of CFF 
and apparent movement variables but has contended that factors relevant 
to such research can not account for his results. While this may be 
the case, there does exist in the literature evidence to suggest that 
factors other than form-part configuration may account for results such 
as McFarland obtained. 
Orlansky (1940) studied the effects of similarity and difference in 
orientation of form on apparent visual motion. A special apparatus was 
constructed which permitted the alternate presentation of backlighted 
pairs of forms under dark adapted viewing conditions. Types of stimulus 
forms included pairs of rectangles whose major axes were either parallel 
or at 90° angles to each other. Arrows were used in pairs such that the 
arrows were either pointing toward or away from each other. Pairs of 
forms shaped like parentheses were also used. In some pairs, the convex 
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sides were facing in the same direction; in others the convex sides were 
facing in opposite directions. 
In general, Orlansky found that the range of interstimulus intervals 
over which apparent motion was observed was greater when like-oriented 
form pairs were used than when different-oriented pairs were used. 
More recently, Pollack (1966) conducted a similar study. Pollack 
was interested in the effect of figure-ground contrast and contour orien­
tation on the range of interstimulus intervals over which apparent move­
ment could be observed. A three-channel electronic tachistoscope was 
used to present the stimulus form pairs. Square and diamond-oriented 
squares represented the parallel and non-parallel contour conditions. 
These two pairs of figures were presented at three different levels of 
figure-ground contrast. 
Pollack's findings substantiated those of Orlansky (1940) in that 
the range of interstimulus intervals over which apparent motion was ob­
served was greater when the neighboring contours of the form pairs were 
parallel than when they were not. 
The Orlansky (1940) and Pollack (1966) data show orientation of the 
parts of the stimulus pattern to be an important factor in apparent move­
ment. In turn, apparent movement certainly seems to be related to the 
McFarland situation, both in terms of stimulus presentation procedures 
and measures of sensitivity-to-sequencing, since an apparent simultaneity 
threshold is an aspect of both. The range measure used by Orlansky and 
Pollack was derived by subtracting the simultaneity threshold from the 
successive threshold. It would seem, therefore, that further investigation 
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of factors affecting the processing of sequentially presented form parts 
is in order. Obviously, any such effort must also take cognizance of 
the potentially relevant factors known to affect CFF and apparent move­
ment data. A brief discussion of each of the apparent movement and CFF 
variables assumed relevant to the present study is presented in Appen­
dix A. 
Purpose 
Thus far it would appear that two major variables may be related to 
changes in sensitivity-to-sequencing when segments of a spatial pattern 
are presented in temporal sequence. These are form-part configuration 
(McFarland, 1965) and change of form-part orientation within the sequence 
(Orlansky, 1940; Pollack, 1966). 
However, there exists the possibility that the McFarland finding is 
an artifact which can be explained in terms of change of orientation 
within a sequence. Let us assume that the amount of change in orienta­
tion of consecutively presented form parts within a sequence affects 
sensitivity-to-sequencing; the greater the amount of change in orienta­
tion, the greater the sensitivity. 
McFarland's (1965) results can be accounted for in these terms. 
McFarland presented side and angle parts sequentially using an equila­
teral triangle as a stimulus form. Sides were presented in the counter­
clockwise order of bottom, right, left, respectively. Angles were 
presented in the counterclockwise order of lower right, top, lower left, 
respectively. 
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Considering amount of change in orientation as the only relevant 
variable, a greater sensitivity-to-sequencing would be predicted for 
angles than for sides. Angle parts in this case rotate 120° in orienta­
tion as they are presented consecutively. Sides, on the other hand, 
rotate only 60°. 
The purpose of the present study was to test the adequacy of predic­
tions based on form-part configuration vs. amount of change in form-part 
orientation as major variables affecting changes in sensitivity-to-
sequencing. A luminous outline square was used as the stimulus pattern 
to permit manipulation of the orientation variable. A contemporary 
psychophysical procedure was used to avoid contamination of the sensi­
tivity measure with response bias, Form-part configurations and orders 
of sequencing used are shown in Figure 1. These four combinations of 
part configuration and order of sequencing represent the greatest amount 
of change in orientation which can occur within a sequence. 
With reference to Figure 1 then, the amount of change in orienta­
tion of form parts presented consecutively can be determined for each 
experimental condition. Considering experimental conditions "A" and 
"B" first, it can be seen that for both side and angle parts a 90° change 
in orientation occurs with each consecutively presented form part. In 
experimental condition "D", the maximum amount of change among the four 
conditions occurs. A 180° change occurs between angles 2 and 4. Added 
to this is the 90° change between angles 3 and 2. On the other hand, 
the smallest amount of change in orientation takes place in experimental 
condition "C". There is no change in orientation between sides 1 and 3, 
EXPERIMENTAL CONDITIONS 
"SIDE" PARTS "ANGLE" PARTS 
Order of Sequencing: 
1,2,3,4 (Experimental condition "A") 
1,3,2,4 (Experimental condition "C") 
Order of Sequencing; 
1,2,3,4 (Experimental condition "B") 
1,3,2,4 (Experimental condition "D") 
Figure 1. Illustration of experimental conditions 
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and 2 and 4. The only change is a single 90° change between sides 3 
and 2. 
Thus, if amount of change in orientation of consecutively presented 
form parts is a major factor affecting sensitivity-to-sequencing, the 
following relationships among the experimental conditions should obtain. 
Observers should be most sensitive to sequencing under condition "D". 
They should be equally sensitive to sequencing under conditions "A" and 
"B" and least sensitive under condition "C". 
If McFarland's (1965) proposed model is applied to the conditions 
of the present study, a different set of predictions regarding sensitivity-
to-sequencing is obtained. It is McFarland's contention that line parts 
and angle parts are processed differentially. Thus, according to the 
McFarland model, the experimental conditions should be ordered as fol­
lows. Subjects should be most sensitive to sequencing under conditions 
"D" and "B" where angles are used. There would be no basis for predicting 
differences in sensitivity between these two conditions. Subjects should 
be least sensitive to sequencing under conditions "A" and "C" where sides 
are used. Again there would be no basis for differentiating between 
these latter conditions in terms of sensitivity-to-sequencing. 
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METHOD 
Subjects 
Sixteen male undergraduates at Iowa State University served as paid 
observers during the study. The only requirements the subjects had to 
meet were that they had normal visual acuity with or without correction, 
and normal color vision. They were naive to the purposes of the study. 
It was also necessary that they have six two-hour blocks of time free 
within a two week period for participation in the study. The experi­
mental sessions for each individual were scheduled for the same two-hour 
period each day or as close to it as possible. 
Apparatus 
Portions of the stimulus pattern were luminated for very brief 
periods (5 msec.) with the time between presentations of parts also very 
short. Thus, stimulus presentation required the use of luminance sources 
that had very rapid response characteristics, i.e., very short rise and 
fall times. Maximum brightness of these sources had to be available 
almost immediately upon electrical activation and drop to zero almost 
immediately. 
General electric electroluminescent (EL) panels met the fast 
response requirement. They were also available in a size (two inches 
square by less than 1/32 of an inch thick) that provided considerable 
flexibility in arrangement. For these reasons they were selected as 
luminance sources for the parts of the stimulus form. 
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The shape of the curve depicting the brightness response of the EL 
panels approximates a square wave. The rise and fall time of these 
panels is very fast -- a matter of a few microseconds. This characteris­
tic in combination with other aspects of EL panel operation can, however, 
present certain problems when the panels are used as they were in the 
present study. 
The EL panels can be operated only on AC current. Also, the bright­
ness or luminance value of an EL panel is sensitive to change in either 
frequency or voltage. These characteristics when combined with the fact 
that EL panels have a very fast rise and fall time can lead to problems 
in achieving a constant brightness level across panels when the panels 
are activated with 60 cycle current for very brief intervals. This 
problem occurs because with such a fast rise and fall time, the bright­
ness of the panel will be determined in part by the point in the current 
cycle at which it is activated. If activation occurs at or near a zero 
level of amplitude in the cycle, the panel will be very dim or not light 
at all. If activation occurs at or near a peak amplitude, a maximum or 
near maximum brightness response is obtained. One way to improve the 
situation is to increase the frequency of the current used to activate 
the panels. This, in a sense, "increases the odds" that activation will 
occur at or near the peak amplitude of the current cycle. 
The EL panels used in the present study were designed for 120 VAC, 
60 cycle operation. Operating these panels above their rated capacity on 
either of these parameters will, of course, shorten the effective life of 
the panel. A compromise was established by powering the EL panels with 
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100 VAC, 400 cycle current delivered by amplifying the output of a sine 
wave oscillator. This compromise resulted in stimulus parts which ap­
peared to be of consistent brightness without noticeable affect on the 
luminance output over time. No discernible decrement in the measured 
luminance of the panels was found during the study. 
Stimulus presentation was controlled by an appropriate assembly of 
Massey Dickinson behavioral programming modules. A diagram showing the 
logic circuitry integrated with the electrical power equipment is shown 
in Figure 2. 
A Hewlett Packard wide range oscillator, model 200CD was used to 
generate a 400 cycle, 20 VAC output. This signal was in turn fed into a 
Knight PA Amplifier, Model 3235C. The amplifier provided a means of 
dampening feedback in the system and also provided a convenient means 
for controlling overall system voltage. An audio transformer was used to 
boost system voltage to the desired range for the study. 
Three 10,000 ohm, 5 watt potentiometers were connected in parallel 
in the system to serve as voltage dividers. The potentiometers provided 
independent voltage control for the three types of presentations, i.e., 
sequential presentations of sides, sequential presentation of angles, and 
simultaneous presentation of either sides or angles. 
Eight 2" X 2" General Electric electroluminescent (EL) panels, type 
F were used to luminate the parts of the stimulus form. Green phosphor 
panels having a spectral wave length response of approximately 510 milli­
microns were used. Power to the individual EL panels was s\'â.tched through 
reed relays in Massey Dickinson decade output control modules. 
Figure 2. Diagram of logic circuitry and electrical power equipment used to program and 
power stimulus presentation 
_w 
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The stimulus form used was a luminous outline square (see Figure 1). 
The square was formed by first mounting the eight EL panels in such a 
way that each panel would contribute the luminance for one-half of a 
side or angle. The face of each panel was then masked in such a way 
that only an area approximately 20.5 mm. by .6 mm. was left exposed. 
This resulted in an outline square 41 mm. on a side with a line width of 
.6 mm. By the appropriate pairing of EL panels activated simultaneously, 
either side or angle form parts could be presented. 
The Massey Dickinson equipment was programmed to provide two basic 
modes of stimulus presentation. These are referred to as the sequential 
and simultaneous modes. In the sequential mode, each part (side or angle) 
was luminated individually in a prescribed order. In the simultaneous 
mode, all eight EL panels were luminated at the same time. The program­
ming was such that during a presentation in the simultaneous mode the 
panels pulsed on and off at the same rate as individual panels were 
activated in the sequential mode. 
With the apparatus described above, independent control of the 
following variables was achieved. 
- frequency of electrical power 
- voltage 
- order of part sequence 
- configuration of form part (side vs. angle) 
- luminance of EL panels in sequential mode (either side or angle) 
- duration of interpart interval 
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The EL panels were connected to the rest of the equipment by about 
ten feet of eight-strand flexible cable plus a common ground wire. This 
made it possible to have only the stimulus form in the small viewing area 
where the observer was seated. Overall illumination in the viewing area 
was very low but the area was not completely dark. After a dark adapta­
tion period of about 8 minutes the subjects were able to make out the 
outline of the top of the partition separating the viewing and equipment 
areas. However, the outlines of the stimulus mounting device (painted 
flat black) were not visible even after dark adaptation. The source of 
what illumination did exist was a well shielded red lamp used by the 
experimenter to illuminate the data sheets. 
Two distinguishably different series of audible clicks were genera­
ted by the reed relays of the decade output control modules, depending 
on whether the form parts were presented sequentially or simultaneously. 
In order to remove this cue, white noise was fed into headphones the 
subject wore when observing stimulus presentations. This had an added 
advantage of providing a relatively homogeneous auditory environment for 
the subject while viewing the stimulus presentations. The level of white 
noise used was adjusted for each subject to obtain that level which 
masked the relay noise completely but was not uncomfortable. 
The observer was seated in a chair with a headrest. The chair was 
located such that when the observer was in position, the stimulus appeared 
at eye level, 84 inches from his eyes. Thus, under standard viewing 
conditions, the stimulus form subtended a visual angle of 1 degree on a 
side with line width subtending 1 minute of visual angle. The average 
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static luminance of the individual line segments was .17 ft.-lambert. 
Equipment was not available to measure dynamic luminance. However, due 
to the brevity of duration of part presentation (5 msec.), the dynamic 
luminance would be expected to be somewhat lower. The stimulus was 
viewed binocularly with the subject fixating on a point of light located 
in the center of the area enclosed by the square. The fixation point was 
created by backlighting a small hole in the mounting board with an EL 
panel of the same type used to produce the stimulus. This panel was 
powered continuously during the experiment session with 120 VAC, 60 cycle 
line current. 
Procedure 
The procedure used in the present study was designed to permit the 
collection and analysis of psychophysical data on sensitivity-to-
sequencing in accordance with the signal detection theory model (Green 
and Swets, 1966; Swets, Tanner, and Birdsall, 1961). On half the ex­
perimental trials, form parts were presented sequentially. On the other 
half of the trials, the form parts were presented simultaneously. The 
subject's task then was to detect the sequential presentation of form 
parts. A rating-response procedure was used after Green and Swets 
(1966). Rationale underlying the collection and processing of the 
rating scale data are discussed in several sources (Egan and Clarke, 
1966; Green and Swets, 1966; Hake and Rodwan, 1966; Price, 1966). 
Sensitivity-to-sequencing was investigated under four experimental 
conditions. These four conditions represented a combination of the two 
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form-part configurations with maximum and minimum amounts of change in 
orientation. The experimental conditions as depicted in Figure 1 were 
as follows. 
Experimental condition "A" : sides - adjacent 
Experimental condition "B" 
Experimental condition "C" 
Experimental condition "D" 
angles - adjacent 
sides - opposite 
angles - opposite 
The general stimulus presentation procedure was as follows. The 
experimenter would initiate presentation of a block of trials by actuat­
ing a hand-held switch. Upon actuation of this switch, the timing be­
tween trials, "ON" time, interpart interval (IPI), and mode of part 
presentation were automatically determined for a total of 50 presenta­
tions or trials. At the completion of the 50th trial, the program was 
halted automatically. A random output control module in the program was 
set to generate one output signal, on the average, for every two input 
signals. Thus the probability of an output was approximately .5. An 
output or lack of one from this panel determined whether the parts were 
presented sequentially or simultaneously. The program was such that an 
output from the random output control module resulted in a sequential 
mode presentation. Thus, for each block of 50 trials, the probability 
that the form parts would be presented sequentially was approximately .5. 
The same probability, of course, held for the simultaneous mode of 
presentation. 
A brightness match was achieved between the two modes of presenta­
tion for each subject as the initial task in the experimental situation. 
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This was necessary because the square was noticeably brighter when all 
eight EL panels were on simultaneously as opposed to when only two at a 
time were activated. During the brightness matching task, the stimulus 
was presented under conditions analogous to those under which sensitivity-
to-sequencing was assessed. A part "ON" time of 5 msec, and IPI of 
8 msec, was used for all subjects. 
Subjects were instructed to base their judgments solely on the 
overall brightness of the square. They were told to render judgments 
of "Brighter", "Dimmer", or "Same" with respect to the just presented 
square as compared to the just previously presented square. Thus the 
subjects were making a series of successive discriminations. 
The pattern of responses in relation to the mode of part presenta­
tion was observed under all experimental conditions. Adjustments were 
made in the voltage differential between the circuits for simultaneous 
and sequential part presentation until the subject was giving essentially 
random brightness judgments with respect to the mode of presentation. It 
was found that a voltage differential of 23 volts between the simultan­
eous and sequential modes was sufficient to produce the random response 
pattern in all subjects. Thus, the EL panels were activated with 100 VAC 
current during the sequential mode and 77 VAC during the simultaneous 
mode for all subjects under all conditions. 
The experimental program for each observer consisted of 6 sessions, 
each session lasting approximately 1 1/2 hours. The first session was 
spent in achieving the brightness match previously described and in in­
troducing the subject to the experimental task. The instructions given 
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the subjects can be found in Appendix C. 
General viewing instructions were given on how to observe the stimu­
lus presentations so as to minimize eye movement, and reduce eye strain. 
Several presentations were made and the subject was instructed to de­
liberately move his eyes during stimulus presentation to familiarize 
himself with the effects of eye movement. If eye movements were inad­
vertently initiated before stimulus presentation and continued through­
out the presentation, one of several effects could be observed. These 
effects included a fragmentation or a coming apart of the image, double 
image, or off-center fixation point. Because fragmentation tended to 
occur with sequential presentations and double-image or off-center fixa­
tion point with simultaneous presentations, it was important to identify 
and discard those trials on which eye movement occurred. The observer 
was not informed as to the relationship between eye movement effects and 
presentation mode, but he was instructed to respond by saying "Zero" any­
time one of the aforementioned effects was observed. 
The subject was then informed that he would be shown several blocks 
of trials; each block lasting approximately 5 minutes. He was further 
informed that within each block of trials, the form parts (undefined) of 
the square would be presented sequentially (one after another -- order not 
specified) half the time and simultaneously half the time. He was ad­
vised that the order in which these modes of presentation occurred was 
randomly determined. The experimental task was then defined. 
The duration of presentation or "ON" time for each form part was 
fixed at 5 msec, for all conditions. The duration of the interval 
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between part presentations or the interpart interval (IPI) was manipula­
ted as appropriate during the training sessions to keep the difficulty 
level of the task in line with the subject's skill in detecting sequen­
tial presentation of form parts. However, a single fined value of the 
IPI was used for a given subject for all data collection trials. The 
three IPI's in a sequential presentation were always equal. 
For each stimulus presentation the subject was to decide whether the 
form parts had been presented simultaneously or sequentially and how sure 
he was that he had made the right decision. To convey this information 
in a standard form, the observer was instructed in the use of the follow­
ing six category rating scale. 
"1 - Sequential, very sure" 
"2 - Sequential, fairly sure" 
"3 - Sequential, guess" 
"4 - Simultaneous, guess" 
"5 - Simultaneous, fairly sure" 
"6 - Simultaneous, very sure" 
Practice trials were then run using relatively long IPI's (up to 20 
msec.) so that there were fairly obvious differences between the two 
modes of presentation. The observer was instructed to define for himself 
the characteristics with which he could differentiate between sequential 
and simultaneous presentations. Feedback on accuracy of performance was 
provided in very general language such as "very good" or "you're doing 
fine." The IPI was maintained at fairly high values (between 12 and 20 
msec.) during the first session so that the accuracy or "Hit Rate" of 
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the responses was in the neighborhood of 85% to 90%. Thus, the observers 
were able to begin the development of a set of criteria for making their 
judgments during the first session. 
As soon as the observer was able to use the rating scale with some 
consistency and ease (usually within 50 to 100 trials) he was given fur­
ther instructions on the use of the rating scale. He was urged to use 
all the categories of the scale if possible but was cautioned against 
forming a distribution Ojf responses among the categories in any artificial 
manner not related to the set of criteria he had developed for making the 
required judgments. The observer was also reminded that in using the 
scale he should make fewer mistakes when using the extreme categories of 
1 and 6 than when using the intermediate categories of 2 and 5. And 
likewise, that fewer mistakes should be made in using categories 2 and 
5 than in using categories 3 and 4. Since order of mode of presentation 
was randomized, the observer was cautioned against the "gambler's fal­
lacy" -- paraphrased, this is the tendency to change a response simply 
because a given mode of presentation has been identified several times 
in a row. 
At the beginning of every session, use of the rating scale, general 
viewing instructions, and stimulus presentation conditions were reviewed. 
At the beginning of all training and data collection sessions except the 
first, the importance of maintaining a constant "set" or attention level 
throughout the sessions was emphasized. At the end of the third training 
session and again at the beginning of the first data collection session, 
the observer was instructed to be as consistent as possible in his use 
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of the category rating scale. This consistency was to be based upon the 
criteria for distinguishing between modes of presentation which he had 
developed duiring the training sessions. 
The IPI was continually reduced during the training sessions as the 
observer became more proficient in discriminating between modes of pre­
sentation. /..n attempt was made to determine the IPI for each observer 
which would produce an average hit rate across conditions of about 70%. 
This procedure wa» used in order to maximize any difference in sensitivity-
to-sequencing which might exist across experimental conditions. 
Once an Il'I was determined for a given observer during training, 
that IPI w&s used for all experimental conditions in all data collection 
sessions for that observer. Thus, IPI might vary from observer to ob­
server (the rictual range was 4-8 msec.) but this variation was not con­
founded vv-ith experimental conditions. 
A latin square design with replicated square was used to determine 
the order in which experimental conditions were presented to the ob­
servers. Three independent squares were used. One for each of the two 
full-scale training sessions and one for the three data collection ses­
sions. The squares were replicated four times with four different groups 
of observers. 
All experimental conditions were presented in each session. Each 
session was composed of eight blocks of trials with 50 trials per block 
for a total of 400 data trials per session. The two blocks for each 
condition were presented successively within the session. Twenty-five 
warm-up trials were given at the beginning of each session. The condition 
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presented first in the session was used on these trials. A two-minute 
rest period was provided between blocks of trials on the same condition 
with a five-minute rest provided every two blocks. The data were summed 
across the three data collection sessions resulting in approximately 300 
trials per condition per observer. The number of trials was approximate 
because trials on which eye movement occurred were discarded. No more 
than 6 trials ever had to be discarded for any given condition. 
The same general pattern of activity was followed throughout the 
two full-scale training sessions and the three data collection sessions. 
The first 10 minutes of each session were used for dark adaptation. 
During this period, instructions were given and/or reviewed. The warm-
up trials were begun after about 8 minutes. The purpose of the warm-up 
trials was to get the observer into the rhythm of making the rating 
judgments and to provide him with an opportunity to review his decision 
criteria. 
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RESULTS AND DISCUSSION 
Individual receiver-operating-characteristic (ROC) functions were 
calculated for each of the 16 subjects under each experimental condi­
tion for a total of 64 such functions. The confidence ratings given by 
the subjects were used to obtain five data points for each curve. Pro­
cedures for these computations may be found in Green and Swets (1966) or 
Hake and Rodwan (1966). The data points so obtained on each subject are 
presented in Table 8, Appendix B. 
The ROC functions were plotted on double probability paper to de­
termine whether d' or one of the parameters closely related to d' (Green 
and Swets, 1966) could be used as a measure of sensitivity. If the as­
sumptions necessary for use of a d' measure are met, the ROC functions 
so plotted should produce straight lines. Inspection of the ROC func­
tions plotted indicated that for some of the functions a straight line 
appeared a reasonable fit of the data, but for others the best fit ap­
peared decidedly curvilinear. On this basis then, it was determined 
that a d* measure would not be appropriate for all of the data. There­
fore, a distribution-free measure of sensitivity — the area under the 
ROC curve (Green and Swets, 1966) — was chosen as most appropriate for 
the data at hand. 
The area value was calculated for each subject under each condition 
for a total of 64 area values. A split plot analysis of variance was 
performed using these values. The main plot was Order of condition 
presentation and the first subplot was Subjects. Subject differences 
could not be extracted as such, but the Subject within Order effect 
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could be tested. The results of the analysis are shown in Table 1. Two 
additional measures of sensitivity to be discussed later were also analyzed 
using this model. The most statistically significant source of variance 
in this analysis was the effect of form part configuration (side vs. 
angle). The effect of amount of change in orientation as represented by 
the Configuration by Sequence interaction was not significant. A signifi­
cant Subject by Condition interaction resulted from the fact that whereas 
the subjects were generally more sensitive to sequencing with angle parts 
than with side parts, the degree of difference in. sensitivity across condi­
tions varied quite widely among subjects. 
By averaging the cumulative probability data across subjects within 
conditions, the results of the analysis of variance can be illustrated 
with average ROC curves as shown in Figure 3. While this pooling of ROC 
data is rather unorthodox in terms of how data of this nature are usually 
treated, it does summarize in pictorial form the effects of the experi­
mental conditions on sensitivity-to-sequencing. The basic data summarized 
in Figure 3 can be found in Table 8, Appendix B. 
During the course of the experiment, the possibility was considered 
that false alarm rates might be changing systematically across conditions. 
If such were the case, a systematic response bias effect would result. 
Analytic techniques which would produce summary statistics that could be 
Models for the analyses of variance were suggested by Professor 
Leroy Wolins of the Statistics and Psychology Departments, Iowa State 
University. 
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Table 1. Analysis of variance for area under the ROC curve as a 
measure of sensitivity 
Source Sum of squares DF Mean square F 
Order (A) 19569, .87 3 6523, .28 • -
Subjects (B)/A 131946, ,37 12 10995, .53 6. 
Configuration (C) 225150, ,25 1 225150, .25 37. , 72*yrf.' 
AxC 21989, .37 3 7329, .78 1. ,22 
BxC/A 71609, .87 12 5967, .48 3. 
Sequence (D) .56 1 ,56 • -
AxD 5157, .56 3 1719, .18 1. 33 
BxD/A 15417, .37 12 1284, ,78 • -
CxD 6201, .56 1 6201, ,56 3. 93 
AxCxD 1688, .56 3 562. ,85 •-
Error 18920, .31 12 1576, ,69 
Total 517651, .15 63 
"Significant beyond the ,05 level. 
***Significant beyond the .005 level. 
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Figure 3. Average receiver-operating-characteristic (ROC) curves ob­
tained from the four experimental conditions (The y axis 
may be read as "the probability of responding 'SEQUENTIAL' 
given sequential presentation of form parts". The x axis 
may be read as "the probability of responding 'SEQUENTIAL' 
given simultaneous presentation of form parts".) 
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evaluated for response bias effects would, therefore, be highly desirable. 
In response to this need, additional measures of sensitivity and measures 
1 
of response bias were developed. The basic data for these measures 
were the raw frequency data organized by confidence rating category and 
mode of part presentation. These data are to be found in Table 9, Ap­
pendix B. 
Frequency data were organized as shown in Figure 4 to permit the 
computation of a chi square test-of-independence value for each of 
the 64 such sets of data. In this test, a large chi square value in­
dicates high sensitivity and a small chi square value low sensitivity. 
Categories 1, 2, and 3 simply represent levels of confidence that form 
parts were presented sequentially, and categories 4, 5, and 6 represent 
levels of confidence that form parts were presented simultaneously. 
Thus, the upper right and lower left cells of the four-fold tables 
represent correct responses and upper left-lower right cells incorrect 
responses. When the subject is sensitive to sequencing, the frequen­
cies in the upper right and lower left cells tend to be the largest. 
For insensitive conditions, the frequencies of the cells tend to be 
more nearly equal. The result, of course, is higher or lower chi square 
values, respectively. This can be seen across the four tables shown 
in Figure 4. The measure is relatively insensitive to the effects of 
response bias since response bias should have equivalent effects on the 
All measures of sensitivity and response bias except the area 
measure were suggested by Professor Leroy Wolins of the Statistics and 
Psychology Departments, Iowa State University. 
Figure 4. Sample frequency data organized for computation of chi 
square test-of-independence values 
("A" = experimental condition "A": sides - adjacent. 
"B" = experimental condition "B": angles - adjacent. 
"C" = experimental condition "C": sides - opposite. 
"D" = experimental condition "D": angles - opposite.) 
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frequencies in both the upper left and upper right cells. 
Square root transformations of the chi square values obtained as 
described above were subjected to an analysis of variance using the same 
model as was used with the area values. The results of this analysis 
are shown in Table 2. As can be seen, the results are analogous to 
those shown in Table 1. 
Frequency data organized as shown in Figure 5 were used to derive 
two measures. The first to be discussed is the Student's t value measure. 
For this analysis, a t value was computed from the relationship between 
the mean confidence level for sequential part presentations and the mean 
confidence level for simultaneous part presentations, Sixty-four such t 
values were obtained. Interpretation of the t values was analogous to 
the interpretation of the chi square test-of-independence values. That 
is, a large t value indicated high sensitivity to sequencing whereas a 
small t value indicated low sensitivity to sequencing. Under experi­
mental conditions of high sensitivity-to-sequencing, the mean confidence 
level for sequential presentations tended to be low and the mean confi­
dence level for simultaneous presentations tended to be high. The re­
sulting t value thus tended to be large. Under experimental conditions 
conducive to low sensitivity-to-sequencing the reverse was true. This 
effect is illustrated in the shifts in the frequency distributions found 
in Figure 5. 
The t values were analyzed in the same manner as the area and chi 
square values previously discussed. The results of this analysis are 
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Table 2. • Analysis of variance for chi square test of independence as 
a measure of sensitivity 
Source Sum of squares DF Mean square F 
A 3.40 3 1.13 
B/A 21.47 12 1.78 6.40*** 
C 43.31 1 43.31 29.40*** 
AxC 7.55 3 2.51 1.70 
BxC/A 17.67 12 1.47 5.27*** 
D .10 1 .10 - -
AxD 1.71 3 .57 2.19 
BxD/A 3.12 12 .26 — 
CxD 1.21 1 1.21 4.34 
AxCxD 
00 
3 .16 — 
Error 3.35 12 .27 
Total 103.37 63 
•^'Significant beyond the .005 level. 
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shown in Table 3. Again, the results are analogous to those obtained 
with the other uwo sensitivity measures. 
In contrast to the sensitivity measures just discussed, a chi 
square value was obtained strictly as a measure of response bias. Fre­
quency data used to derive the 64 chi square values were organized as 
shown in Figure 6. In this case, the ordering of the confidence levels 
was reversed for sequential presentations. This operation placed in 
pairs the cells which were equivalent in terms of confidence and ac­
curacy. The result was two frequency distributions which could be ex­
pected to change concurrently as sensitivity changed. If the shape of 
the two distributions coincided for a given experimental condition, the 
resulting chi square value would be small. If, on the other hand, the 
subject's false alarm rate was different for the one mode of part pre­
sentation as compared to the other, the chi square value would tend to 
be large. 
Square root transformations of these chi square values were analyzed 
using the same model as was used on the previously discussed sensitivity 
measures. If response bias was changing systematically, the effects 
should be evident in the analysis of variance. The results of this 
analysis are shown in Table 4. As can be seen, experimental conditions 
per se were not producing systematic changes in response bias. However, 
the order in which experimental conditions were presented did produce 
significant effects on response bias. A check of the data indicated 
that greater discrepancies between the two frequency distributions 
occurred when angle and side conditions were presented alternately than 
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Table 3. Analysis of variance for Student's t as a measure of 
sensitivity 
Source Sum of squares DF Mean square 
A 
B/A 
C 
AxC 
BxC/A 
D 
AxD 
BxD/A 
CxD 
AxCxD 
Error 
53.66 
277.15 
558.73 
72.22 
185.71 
.13 
10.35 
37.80 
10.00 
6.74 
43.84 
3 
12 
1 
3 
12 
1 
3 
12 
1 
3 
12 
17.88 
23.09 
558.73 
24.07 
15.47 
.13 
3.45 
3.15 
10.00 
2.24 
3.65 
6.32*** 
36.10*** 
1.55 
4.23** 
1.09 
2.73 
Total 1256.13 63 
**Significant beyond the.01 level. 
***Significant beyond the ,005 level. 
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Table 4. Analysis of variance 
response bias 
for chi square test as a measure of 
Source Sum of squares DP Mean square F 
A 7.40 3 2.46 5.26* 
B/A 5.62 12 .46 1.28 
C .00 1 .00 — -
AxC 3.04 3 1.01 1.54 
BxC/A 7.87 12 .65 1.79 
D .02 1 .02 — — 
AxD .37 3 .12 — —  
BxD/A 3.47 12 .28 — -
CxD .04 1 .04 —  — 
AxCxD .98 3 .32 - -
Error 4.38 12 .36 
Total 33.19 63 
"'Significant beyond the .05 level. 
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when the two angle and side conditions occurred together. 
A fifth method of analyzing the basic frequency data was used which 
provided information on both sensitivity and response bias. The basic 
data for this analysis were the 128 mean confidence level values used 
in computing the t values discussed previously (see Figure 5). For this 
analysis, sequential vs. simultaneous presentation was used as an addi­
tional factor. This analysis should be sensitive to evidence that the 
mean confidence level for each mode of presentation is affected dif­
ferentially by the treatments. The direction and extent of change in 
the mean values in relation to each other reflects both changes in sen­
sitivity and response bias. 
It should be noted that as sensitivity increases, the value of the 
mean confidence level for sequential presentations would tend to decrease 
and the corresponding mean value for simultaneous presentations would 
tend to increase (see Figure 5). This arrangement is appropriate when 
computing t values using these mean values, but such a negative relation­
ship is undesirable when the mean values are used in an analysis of 
variance. To eliminate this negative relationship, all mean values for 
the simultaneous mode of presentation were subtracted from 7. The re­
sulting values were then positively related to the sequential means. 
Thus, when sensitivity increased or decreased, these two mean values 
decreased or increased, respectively. The change in mean confidence 
level served as an index of sensitivity. Differing degrees of change 
within these two means across treatments indicated the existence of 
response bias. 
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The analysis of variance model used for the mean confidence level 
data included mode of part presentation as a variable. The results of 
this analysis are shown in Table 5. Analysis of the data in this manner 
permitted the same evaluation of sensitivity-to-sequencing as the three 
sensitivity measures previously considered plus a more detailed analysis 
of the effects of response bias. 
The significant Subject by Presentation Mode effect shown in 
Table 5 indicates that people do use the rating scale differently as a 
function of the mode of presentation, and further, that the degree and 
even direction of these differences vary across people. The significant 
Configuration by Presentation Mode interaction indicates that increased 
sensitivity to angles vs. sides is due more to differences in responses 
to sequential presentation than to differences in responses to simul­
taneous presentation. This interaction is illustrated in Figure 7. In 
general, this means the observers were using the scale about the same 
way when form parts were presented simultaneously regardless of the 
experimental condition involved. 
However, the significant interaction between Order, Configuration, 
and Presentation Mode suggests a rather complicated effect of response 
bias. When the sensitive (angle) and insensitive (side) conditions 
occurred alternately, the mean confidence level for simultaneous pre­
sentation was slightly higher for angles than for sides. The difference 
between the mean confidence level for sequential presentation of sides 
vs. sequential presentation of angles, on the other hand, was almost 
three times the corresponding difference for simultaneous presentation. 
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Table 5. Analysis of variance for mean confidence level as a measure 
of sensitivity and response bias 
Source Sum of squares DF Mean square F 
A 9920, .14 3 3306. 71 1, .66 
B/A 23808 .96 12 1984. ,08 9, 
C 32992, .37 1 32992. ,37 41, .89""* 
AxC 3149, .89 3 1049. ,96 1, .33 
BxC/A 9449, .84 12 787. 48 3, .65* 
D 46, .32 1 46. 32 - -
AxD 762, .71 3 254. 23 1. .62 
BxD/A 1873. ,09 12 156. 09 •  -
Presentation Mode (F) 845. ,63 1 845. 63 - -
AxF 1863. .89 3 621. 29 - -
BxF/A 14686. ,59 12 1223. 88 5, .67*** 
CxD 908. ,44 1 908. 44 3, .61 
AxCxD 821. ,96 3 273. 98 1. .08 
BxCxD/A 3018. 21 12 251. 51 1, .16 
CxF 3051. ,75 1 3051. 75 8. 70* 
AxCxF 7589. ,89 3 2529. 96 7. ,21** 
BxCxF/A 4206. ,96 12 350. 58 1. .62 
DxF 1158. ,00 1 1158. 00 2. ,74 
AxDxF 539. ,39 3 179. 79 - -
BxDxF/A 5057. ,21 12 421. 43 1. ,95 
CxDxF 334. ,75 1 334. 75 1. ,55 
AxCxDxF 752. ,52 3 250. 84 1. ,16 
Error 2588. 04 12 215. 67 
Total 129426. ,45 127 
"Significant beyond the .05 level. 
**Significant beyond the .01 level, 
ignificant beyond the .005 level. 
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These results are analogous to those discussed in conjunction with the 
Configuration by Presentation Mode interaction. 
However, when the order was such that the two angle conditions came 
first followed by the side conditions, a quite different relationship 
obtained. For this order, no interaction between Configuration and 
Presentation Mode is evident. Sensitivity-to-sequencing was greater, 
of course, to angle parts than to side parts but the shifts in mean 
confidence levels were parallel. These interactions are depicted in 
Figure 8. 
When the two side conditions occurred first followed by the two 
angle conditions, the relationship between Configuration and Presenta­
tion Mode was the reverse of that obtained when sensitive and insensi­
tive conditions occurred alternately. That is, the difference in mean 
confidence level across conditions of configuration was greater for the 
simultaneous mode than for the sequential mode. 
Intercorrelations among the various measures of sensitivity and 
response bias provide a means of summarizing and substantiating the 
relationships which appear obvious or are suspected when interpreting 
the results of the analyses of variance. The results of a correlational 
analysis of the measures used are presented in Table 6. As can be seen, 
the three measures of sensitivity are essentially equivalent. The chi 
square measure of response bias is shown to be independent of the 
sensitivity measures as was intended. 
The mean confidence level measures correlate substantially with the 
sensitivity measures, however, confounding of sensitivity and response 
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Table 6. Intercorrelations among measures of sensitivity and response 
bias (n = 64 Each subject is represented 4 times) 
1 2 3 4 5 6 
t test values - 1 1.00 .97 -.01 -.80 .67 .98 
Chi square (independence) - 2 1.00 -.07 -.73 .63 .92 
Chi square (response bias) - 3 1.00 .10 .33 .01 
Mean category (sequential) - 4 1.00 -.40 -.80 
Mean category (simultaneous) - 5 1.00 .67 
Area under the ROC curve - 6 1.00 
bias is evidenced by their lower correlations with sensitivity measures 
and the moderate correlations with the chi square measure of response 
bias. The fact that the simultaneous mean changes less across experi­
mental conditions is reflected in its lower correlation with the sensi­
tivity measures. Conversely, the higher correlation of the sequential 
mean with the sensitivity measures reflects the greater sensitivity of 
this measure to changes in experimental condition. In other words, most 
of the sensitivity-to-sequencing is the result of changes in the way the 
scale is used when form parts are presented sequentially. 
Further evidence of the lack of change in the simultaneous mean is 
indicated by the moderate correlation between the simultaneous and se­
quential means. If each of these means changed an equivalent amount 
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though in opposite direction across experimental conditions, a much 
higher correlation should obtain. 
In summary, several kinds of information were obtained from the 
present study which are normally not available through the types of 
analyses done heretofore on data such as these (Green and Swets, 1966). 
Summarizing the data as in Figure 3 provided adequate illustration of 
the results of the sensitivity measures, but provided somewhat mislead­
ing information about the effects of response bias. The summarization 
process obscured the marked individual differences in and the effects of 
order on response bias. 
If one is interested only in an independent measure of sensitivity, 
three alternatives are suggested by the study. If, on the other hand, 
the effects of experimental manipulation on response bias are of in­
terest or importance, performance during noise (here simultaneous) and 
signal plus noise (here sequential) presentations must be analyzed as a 
variable. In either case, the results of the present study underline 
the differences in amount and type of information which can be obtained 
using the signal detection theory model as opposed to classical psycho­
physical procedures. 
The results of the present study are clear cut. Form-part configura­
tion was found to be the only variable significantly affecting sensitivity-
to-sequencing. The amount of change in orientation within a sequence had 
no apparent effect. Thus the results confirm, with a different form in­
volving angles of different degree, McFarland's (1965) finding that the 
visual system takes longer to integrate a sequence of angles than a 
48 
sequence of sides. There was no evidence that his data on the simul­
taneity threshold were contaminated either by failure to control for 
orientation or by response bias. 
However, the comparability of McFarland's threshold data and the 
sensitivity data of the present study should not be taken to indicate 
that independent assessment of sensitivity and response bias is not 
necessary. The significant effect of experimental order on response 
bias in the present study would indicate the fallacy in such reasoning." 
Further, the evidence is not interpreted as suggesting that McFarland's 
model is the only model, or even the most parsimonious one, with which 
one might account for the results of this study. 
The methodological aspects of the present study have some important 
implications for future research in this and related areas. Additional 
evidence has been gained regarding the feasibility of the rating response 
technique as an efficient and reliable means of obtaining ROC functions. 
Two new measures of sensitivity were evaluated and found to be 
equivalent to the accepted measure, the area under the ROC curve. While 
Student's t and the Chi Square test of independence are anything but new 
as statistical procedures, the use of t and chi square values to estimate 
sensitivity within the framework of a contemporary psychophysical procedure 
is new. 
A fourth measure, mean confidence rating levels for mode of signal 
presentation, proved to be most effective in that treatment effects on 
both sensitivity and response bias could be evaluated. In using the 
mean confidence level, additivity across subjects seems to be most nearly 
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realized. Also with this measure, additional information as to probable 
causes of lack of additivity can be obtained. 
Table 7 below illustrates the relationships among statistically 
significant F ratios obtained with measures of sensitivity. 
Table 7. Statistically significant F ratios of the four AOV's pertain­
ing to sensitivity 
Mean 
Source Area t Chi square confidence level 
B/A 6.97 6.32 6.40 9.19 
C 37.72 36.10 29.40 41.89 
BxC/A 3.78 - - 4.23 5.27 3.65 
It is evident from inspection of Table 7 that the mean confidence 
measure as an index of sensitivity apparently introduces less non-
additivity across subjects than do the other analyses. The degrees of 
freedom are the same for each source across measures yet the mean con­
fidence measure results in a higher F ratio for individual differences 
and main effects of sensitivity and lower subject by treatment inter­
action than any of the other measures. In addition, a useful summary 
of information on the effect of response bias is available when the mean 
confidence level measure is used. This information, in such detail, is 
not available from the analyses performed on any of the other measures. 
While one study does not validate a measure, the performance of the mean 
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confidence measure in the present study would certainly suggest that 
further investigation of its effectiveness is warranted. 
One finding in particular is cogent to the argument for the use of 
a contemporary psychophysical mode. A review of results of the analyses 
shown in Tables 1, 2, 3, and 5 indicates that the order in which experi­
mental conditions were presented did not affect sensitivity-to-sequencing. 
However, the results shown in Tables 4 and 5 indicate that the ordering 
of the conditions had a significant effect on response bias. Data such 
as these make it difficult to justify the use of any procedure which does 
not permit the independent evaluation of sensitivity and response bias. 
One of the analytical problems that has plagued investigators using 
contemporary psychophysical models is the comparison of performance when 
false alarm rates differ. Both non-parametric (Norman, 1964; Pollack 
and Norman, 1964) and parametric (Gourevitch and Galanter, 1967) analy­
ses have been suggested to meet the problem. 
The present results support the feasibility of using another mea­
sure for each experimental condition. This measure is the chi square 
test of independence. No assumptions about the scale need be made, and 
with fairly large numbers of observations (300 or more), the chi square 
with one degree of freedom should be very nearly normally distributed. 
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SUMMARY 
This study was conducted to investigate factors affecting the 
processing of sequentially presented form parts. A luminous square 
outline was used as the stimulus form. Form parts consisted of either 
the sides or the angles of the square. These parts were presented se­
quentially in time in one of two ways. In one case, adjacent parts 
were presented consecutively in counterclockwise order. In the other 
case, sides or angles opposite each other were presented consecutively. 
Thus, different levels of amount of change in orientation within a se­
quence were produced by using four combinations of part configuration 
and order of sequencing. 
Stimulus presentation was accomplished by programming the lumina-
tion of appropriately masked electroluminescent panels. Procedures used 
in the study permitted the collection and analysis of psychophysical 
data on sensitivity in accordance with the signal detection theory 
model (Green and Swets, 1966). The subject's task was to detect the 
sequential presentation of form parts. On half the experimental trials, 
parts were presented sequentially. On the other half of the trials, 
parts were presented simultaneously. A rating response procedure was 
used after Green and Swets (1966). 
Part configuration was found to be the only variable significantly 
affecting sensitivity-to-sequencing. Amount of change in orientation 
within a sequence had no apparent effect. These results confirm the 
findings of McFarland (1965). 
Two new measures of sensitivity were evaluated and found to be 
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equivalent to an accepted measure, area under the ROC curve. A third 
measure, a chi square test of response bias, was also evaluated. A 
fourth measure, mean confidence rating levels for mode of signal pre­
sentation, proved to be most effective as a measure of treatment effects 
on both sensitivity and response bias. Analyses of these measures 
showed that whereas sensitivity was not affected by the order in which 
treatments were administered, response bias was affected. The methodo­
logical implications of these findings were discussed. 
53 
LITERATURE CITED 
Attneave, F. Some informational aspects of visual perception. Psycho­
logical Review, 1954, 183-193. 
Bartley, S. H. Some factors influencing critical flicker fusion. 
Journal of Psychology, 1958, 107-115. 
Bartley, S. H. and Nelson, T. M. Some relations between pulse-to-cycle 
fractions and critical flicker frequency. Perceptual and Motor 
Skills, 1950, 10, 3-8.. 
Bartley, S. H. and Nelson, T. M. A further study of pulse-to-cycle 
fraction and critical fusion. Journal of the Optical Society of 
America, 1961, 41-45. 
Battersby, W, S. and Jaffe, R. Temporal factors influencing the per­
ception of visual flicker. Journal of Experimental Psychology, 
1953, 46, 154-161. 
Brown, J. L. Flicker and intermittent stimulation. In C. H. Graham 
(Ed.), Vision and visual perception. New York; Wiley, 1966. 
Pp. 251-320. 
Corbin, H. H. The perception of grouping and apparent movement in 
visual depth. Archives of Psychology, 1942, #273. 
Egan, J. P. and Clarke, F. R. Psychophysics and signal detection. In 
J. B. Sidowski (Ed.), Experimental methods and instrumentation in 
psychology. New York: McGraw-Hill, 1966. Pp. 211-246. 
Elfner, L. F. and Page, H. A. Autokinetic enhancement as a function of 
flicker. Perceptual and Motor Skills, 1963, _17, 299-301. 
Gibson, J. J, The senses considered as perceptual systems. Boston: 
Houghton Mifflin, 1966. 
Gourevitch, Vivian and Galanter, E. A significance test for one para­
meter isosensitivity functions. Psychometrika, 1967, 25-33. 
Green, D. M. and Swets, J. A. Signal detection theory and psychophysics. 
New York: Wiley, 1966. 
Hake, H. W. and Rodwan, A. S. Perception and recognition. In J. B. 
Sidowski (Ed.), Experimental methods and instrumentation in psy­
chology. New York: McGraw-Hill, 1966. Pp. 331-381. 
Hebb, D. 0. The organization of behavior. New York; Wiley, 1949. 
54 
Hebb, D. 0. The semiautonomous process: its nature and nurture. 
American Psychologist, 1963, _18, 16-27. 
Hubel, D. H. and Wiesel, T. N. Receptive fields, binocular interaction 
and functional architecture in the cat's visual cortex. Journal of 
Physiology, 1962, 160, 106-154. 
Hubel, D. H. and Wiesel, T. N. Receptive fields and functional archi­
tecture in two non-striate visual areas (18 and 19) of the cat. 
Journal of Neurophysiology, 1965, 2^, 229-289. 
Ireland, F. H. A comparison of critical flicker frequencies under condi 
tions of monocular and binocular stimulation. Journal of Experi­
mental Psychology, 1950, 282-286. 
Landis, C. Determinants of the critical flicker-fusion threshold. 
Physiological Reviews, 1954, 34, 259-286. 
Lloyd, V. V. and Landis, C. Role of the light-dark ratio as a deter­
minant of the flicker fusion threshold. Journal of the Optical 
Society of America, 1960, 332-336. 
McFarland, J, H. Some evidence bearing on operations of "analysis" and 
"integration" in visual form perception by humans: paper presented 
at Symposium for the Perception of Speech and Visual Form, Boston, 
11-14 November, 1964. Yellow Springs, Ohio: Antioch College, De­
partment of Psychology, 1966. 
McFarland, J. H. Sequential part presentation: a method of studying 
visual form perception. British Journal of Psychology, 1965, 56, 
439-446. 
Morgan, C. T., Cook, J. S. , III, Chapanis, A., and Lund, M. W. Human 
engineering guide to equipment design. New York: McGraw-Hill, 
1963. 
Neff, W. S. A critical investigation of the visual apprehension of 
movement. American Journal of Psychology, 1936, 1-42. 
Norman, D. A. A comparison of data obtained with different false-alarm 
rates. Psychological Review, 1964, 7_1j 243-246. 
Orlansky, J. The effect of similarity and difference in form on ap­
parent movement. Archives of Psychology, 1940, 3^, #246. 
Pitts, W. and McCulloch, W. S. How we know universals: the perception 
of auditory and visual forms. Bulletin of Mathematical Biophysics, 
1947, 9, 127-147. 
55 
Pollack, R. H. Effects of figure-ground contrast and contour orientation 
on the temporal range of apparent movement, Psychonomic Science, 
1966, 4, 401-402. 
Pollack, I. and Norman, D. A. A non-parametric analysis of recognition 
experiments. Psychonomic Science, 1964, J., 125-126. 
Price, R. H. Signal-detection methods in personality and perception. 
Psychological Bulletin, 1966, 6^, 55-62. 
Ripps, H., Kaplan, I. T., and Siegel, I. M. Effect of contrast on CFF 
and apparent brightness. Journal of the Optical Society of America, 
1961, 51, 870-873. 
Simonson, E. Flicker between different brightness levels as determinant 
of the flicker fusion. Journal of the Optical Society of America, 
1960, 328-331. 
Simonson, E. and Brozek, J. Flicker fusion frequency background and 
applications. Physiological Reviews, 1952, _32, 349-378. 
Swets, J. A., Tanner, W. P., Jr., and Birdsall, T. G. Decision processes 
in perception. Psychological Review, 1961, 5_8, 301-340. 
Vernon, M. D. A further study of visual perception. Cambridge. Univer­
sity Press, 1952. 
Wiener, N. Cybernetics. New York: Wiley, 1948. 
Wiesel, T. N. and Hubel, D. H. Single-cell responses in striate cortex 
of kittens deprived of vision in one eye. Journal of Neuro­
physiology, 1963, 26, 1003-1017. 
55 
ACKNOWLEDGMENTS 
I wish to express my deepest appreciation to those who have been 
helpful in the preparation of this dissertation. I am especially grate­
ful to Dr. George G. Karas, my major professor, for his advice and as­
sistance throughout the research effort represented by this dissertation. 
I am most grateful to Dr. John R. Schuck for his technical assistance 
with the development of the problem, implementation of the research, and 
preparation of this dissertation. I am very grateful to Dr. Leroy Wolins 
for his suggestions in regard to the statistical procedures, measures of 
sensitivity and response bias, and for his direction of the data proces­
sing. I also wish to thank Dr. Wilbur L. Layton, Dr. Arthur C. Mac-
Kinney, and Dr. Ernest W. Anderson for their helpful comments and criti­
cisms, and my wife, Kay, for her moral support and material aid in the 
preparation of this dissertation. This study was conducted while the 
author was the recipient of an IBM Fellowship. 
57 
APPENDIX A 
Critical Flicker Fusion (CFF) Variables 
Two excellent reviews of the CFF literature are available (Brown, 
1966; Landis, 1954). The discussion of variables affecting CFF con­
tained herein is based primarily on information from these two sources. 
Light-dark ratio (LDR) 
The role of the LDR in temporal resolution has long been a point 
of contention (Landis, 1954). Factors such as stimulus intensity and 
stimulus size interact with LDR to produce conflicting results across 
studies. More recently, Bartley (1958) has proposed a model to.account 
for the effects of LDR based on neurophysiological data. Bartley pre­
dicted that the relationship between CFF and LDR was curvilinear, i.e., 
that the CFF point would be low at low LDR's rise to a maximum at an LDR 
of approximately 50%, and fall again as the LDR continues to increase. 
This prediction is supported by the data over a wide range of stimulus 
intensities (Bartley and Nelson, 1960; Bartley and Nelson, 1961; Lloyd 
and Landis, 1960). 
The implications of these data for the present study or for that 
matter for other studies involving the manipulation of spatio-temporal 
variables (McFarland, 1965; Orlansky, 1940; Pollack, 1966) is not readily 
apparent. If the LDR were based on the ratio of "ON" time per part to 
"ON" time plus one interpart interval (IPI), LDR's in the above cited 
studies range from 27% to 50%. This range includes the average LDR of 
the present study. If the LDR is based on total "ON" time of form parts 
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to total cycle time, the range of the studies cited, including the 
present one, is 36% to 50%. Thus, although the nature of the effects 
of LDR arc in doubt (Landis, 1954), the range of values obtained in the 
present study is within the range of most previous studies in the area. 
Stimulus intensity 
From the beginning of research on temporal acuity, luminance of the 
stimulus has been shown to be a factor in CFF and is perhaps its most 
important single determinant (Landis, 1954). The effects of stimulus 
luminance were not under investigation in the proposed study so the 
variable was held constant during the assessment of sensitivity-to-
sequencing. 
In order to maintain dark adapted conditions, stimulus intensity 
was held to relatively low levels. Since the stimulus size was 1° visual 
angle, only cone vision was used. A dynamic stimulus intensity of less 
than .17 ft.-lamberts was used. This intensity level was well into the 
cone vision range (Morgan, Cook, Chapanis, and Lund, 1963) but was low 
enough to avoid serious impairment of the dark adapted condition. 
Stimulus size 
The role of stimulus size as a determinant of CFF is a complicated 
affair as is the case with most of the factors which must be considered. 
Both luminance and size interact with frequency to produce differing 
effects on CFF depending on how these parameters are varied in combina­
tion (Landis, 1954). For the present study, luminance and size are held 
constant under all conditions. The stimulus form was a constant 1° of 
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visual angle for all conditions. This size stimulus was chosen so as 
to remain well within the area of cone vision, and keep differences on 
such factors between the present study and other relevant work to a 
minimum. 
Area of the retina stimulated 
Factors such as visual angle of the stimulus, position on the 
retina, shape of the stimulus, and whether it is of homogeneous bright­
ness affect CFF (Landis, 1954). 
The effects of stimulus size and retinal location appear to inter­
act. Outside the foveal area increased stimulus size results in a 
higher CFF point, but the relationship with retinal position is curvi­
linear (Landis, 1954). Both size and area stimulated were controlled 
in the present study. A fixation point composed of a point light source 
was provided in an attempt to control the area of the retina stimulated. 
The fixation point was centered within the stimulus form so that when 
fixated the 1° va form was centered on the fovea and was well within 
the rod-free area. 
Stimulus color 
Stimulus color has been shown to have systematic effects on CFF 
(Landis, 1954) and must therefore be controlled. Brightness and color 
of the EL panels are subject to change with changes in either voltage 
or frequency or both. Voltage and frequency were held constant in the 
present study across all conditions. 
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Surround luminance and ambient: illumination 
The nature of the surround luminance in CFF determinations has 
been sho^m to have a considerable effect on CFF (Landis, 1954). Ripps, 
Kaplan, and Siegel (1961) found CFF varying in a non-linear manner --
increasing to a maximum then declining as surround luminance was in­
creased. Simonson (1960) found ambient light level to affect CFF. As 
ambient light level increased so that the ratio of ambient light to 
ambient light plus flicker light increased, CFF decreased. 
Immediate stimulus surround in the present study was a flat black 
surface. Thus, the surround luminance was near zero for all intents 
and purposes. Ambient light level was kept as low as possible in the 
experimental room. While total darkness was not achieved, the ambient 
illumination was so low as not to impair the subjects dark-adapted 
state. 
Viewing conditions 
Generally, a lower CFF is found with the dark-adapted eye than with 
the light-adapted eye (Landis, 1954). However, with a 1° va stimulus 
fixated foveally, the CFF does not differ appreciably under light as 
opposed to dark-adapted conditions, nor does it change more than 2 or 
3 cps across time (Landis, 1954). Because of the limited luminance 
range of the EL panels, dark-adapted viewing conditions were used. 
Wave form of luminance source 
Landis (1954) cites evidence showing a square wave form to produce 
the highest CFF. Further, it does not seem to matter whether the abrupt 
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transition is in rise or fall time. The EL panels used in the present 
study have rise and fall times measured in microseconds and can be con­
sidered to approximate a square wave luminance source. 
Binocular viewing 
Binocular viewing of the stimulus was used in the present study for 
comparability with related research. Viewing mode could, of course, also 
be studied as an independent variable at some later time. Binocular 
in-phase viewing, as the present condition would be called, has been 
shown to have a reliably higher CFF than monocular viewing, while binocu­
lar out-of-phase stimulation produces a reliably lower CFF (Ireland, 
1950; Landis, 1954). 
Physiological factors 
Age, physique, and body temperature are among the factors that 
affect CFF (Landis, 1954) and thus could have affected results in the 
present study. However, the way these factors exert their influence is 
unique to the individual. Also, the same physiological level in two 
different individuals does not always result in the same behavioral 
effect. Thus, physical control of physiological variables is incomplete 
at best. With the subject population used, the range in age was quite 
limited. Other physiological factors were assumed to vary randomly. 
Toxic agents 
Drugs such as alcohol, caffeine, and nicotine can affect results 
in CFF determinations (Landis, 1954). Effective control of the use of 
caffeine and nicotine was not possible. Subjects with colds were not 
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run. No evidence of the use of alcohol was detected. CO level can have 
a marked effect on CFF and was controlled through adequate ventilation 
of the experimental room. 
Fatigue 
Subjective fatigue would not be expected to correlate with sensi­
tivity- to-sequencing, but might correlate with the subject's criterion 
for apparent simultaneity. Variations in criterion can be detected and 
evaluated independently of sensitivity using the signal detection theory 
model (Swets, Tanner and Birdsall, 1961). 
On the other hand, physiological fatigue such as that arising from 
lack of sleep or long viewing times can be expected to correlate with 
sensitivity. Data gathering sessions were held to an hour and a half 
with frequent rest periods. 
Intersensory effects 
Changes in noise level, either gradual or sudden, may have transient 
effects on sensitivity measures (Landis, 1954). Reed relay noises from 
the Massey Dickinson equipment which could serve as effective cues to 
the stimulus presentation mode were masked. To achieve this masking a 
constant level of white noise was maintained during the viewing time. 
This noise_represented a constant in the experimental situation and also 
masked any transient noise level changes intruding on the experimental 
room. 
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Sex differences 
There is no evidence to suggest that a consistent sex difference 
can be expected in a study of this type (Simonson and Brozek, 1952). 
Investigations in CFF have used balanced samples, subjects of only one 
sex, or simply ignored the factor. Subjects of only one sex were used 
in the present study as a means of controlling for any possible effects 
of this variable. 
Inter- and intra-individual variation 
Inter-individual variation is generally found to be significant. 
Both CFF (Landis, 1954) and phi phenomenon (Neff, 1936; Orlansky, 1940) 
literature show this. Thus, each subject was tested under each experi­
mental condition. Level of sensitivity shifted slightly from session-to-
session but these shifts showed no particular pattern. 
Instructions, sub ject's attitude or set, and criterion 
All of these variables have a profound effect upon results in both 
CFF (Landis, 1954) and phi phenomena (Neff, 1936) research and can be 
expected to have an equally large effect on results of the present 
study. Instructions were complete, clear, and neutral to avoid impart­
ing an explicit "set". Subjects were well practiced in observing the 
stimulus before data runs for the study were begun. The procedure used 
permitted independent evaluation of the subjects' sensitivity levels 
and response criteria. 
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Duration of exposure 
There is clear evidence in the CFF literature (Battersby and Jaffe, 
1953; Landis, 1954) that within limits an increase in the duration of 
exposure to the stimulus results in a higher CFF. The "critical" period 
appears to be around .1 and .2 of a second, or 100 to 200 msec. Battersby 
and Jaffe (1953) found that CFF was a negatively accelerated function of 
duration of exposure with a very steep initial slope. They also report 
that plotting "critical number of flashes per unit time" against dura­
tion of exposure produces a straight line relationship, showing that 
while CFF changes with changes in exposure time, the fusion threshold 
expressed in terms of flashes per unit time remains relatively constant. 
The implication for the present and future studies is that as the 
number of form parts presented increases, sensitivity-to-sequencing may 
also increase. 
Eye movements 
McFarland (1965) went to some length to forestall any argument 
that his thresholds were an artifact caused by eye movements. He cited 
literature reporting that the shortest latency of a saccade is 120 msec, 
and concludes that eye movements were not likely at any but the longest 
sequence (134 msec.). 
Preliminary observations of the stimulus presentation in the present 
study indicated eye movement was a critical factor. It was observed that 
at the very short durations of exposure used (41-57 msec.) eye movement 
caused anomalies in the stimulus form. Unfortunately, the anomalies dif­
fered systematically with mode of presentation. In the sequential mode 
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the form appeared to fragment or fly apart. In the simultaneous mode, 
eye movement resulted in a blurred or double image. Since systematic 
differences of this sort could not be tolerated, an effort was made to 
control the subjects' head and eye movements through the use of a head 
rest and explicit viewing instructions. Obviously, eye movements could 
not be physically prohibited. So as an additional control, subjects were 
instructed to report verbally the occurrence of irregularity in the 
stimulus by responding "Zero". In this way, trials in which eye move­
ments disrupted the form were identified and discarded, 
Autokinetic movement 
Viewing conditions in the present study were optimal for the ap­
pearance of autokinetic movement, i.e., dark room, point light source. 
The pulsing stimulus form quite possibly decreased the latency of onset 
even more than usual (Elfner and Page, 1963). Fortunately, the auto­
kinetic movement was not particularly annoying and the subjects were 
able to learn to live with it. 
Apparent Movement Variables 
Neff (1936) and Vernon (1952) have reviewed the apparent movement 
literature and between the two cover those variables in the phenomenon 
which are relevant to the proposed study. Two additional efforts 
(Orlansky, 1940; Pollack, 1966) also deal with directly relevant vari­
ables. However, the variables under investigation in these latter two 
studies are discussed at length in the Introduction and will not be 
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covered here. 
Several of the variables listed below have already been discussed 
in relation to CFF determination. Where this is the case, discussion of 
the variable will be limited. 
Time interval, exposure time, and distance between stimuli 
These three variables are listed together because they represent 
the most widely investigated and discussed variables in the apparent 
movement literature. Their counter parts in the present study are; 
interpart interval, "ON" time for each form part, and distance between 
successively luminated form parts, respectively. 
In the present study, the relationship between time interval and 
exposure time was variable as it was in the McFarland (1965) and Pollack 
(1966) studies. The ratio of time interval to exposure time was held 
constant by Orlansky (1940). 
Corbin (1942) found that seen motion was a direct function of the 
objective distance between stimuli rather than the projected retinal 
image distance. The variable of distance between stimuli has, of course, 
received extensive treatment (Neff, 1936; Vernon, 1952). Because of the 
importance of this factor in the apparent movement phenomenon, only 
those experimental conditions could be compared which did not confound 
distance and the variables under investigation. With a square form, 
this limited the number of possible comparisons to four. 
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Size 
The physical size of the stimulus form was held constant under all 
conditions. 
Absolute intensity 
An increase in the luminance level of stimuli in an apparent move­
ment experiment tends to reduce seen movement (Neff, 1936). An increase 
in distance or decrease in the time interval is then required to counter 
balance the effects of an increase in intensity. The evidence, however, 
is not clear cut and the question is open to investigation. Such an in­
vestigation was beyond the scope of the present study. Thus, a single 
voltage and frequency setting was used for each presentation mode in 
order to produce equivalent luminance values across conditions. Pre­
sentation modes were equated for apparent brightness by establishing 
the appropriate voltage differential (see Method Section). 
Relative differences in intensity 
There is conside- le evidence (Neff, 1936) to show that differen­
ces in intensities between stimuli do not affect the apparent movement 
phenomenon. As an added precaution, because of the relevance to CFF, the 
EL panels were matched as closely as possible for luminance value. 
Color 
According to the literature (Neff, 1936), the effects of color, at 
least those relevant to the present study, are unknown. It may be that 
color would be more relevant to the CFF relationship than to apparent 
movement. In any event, no voltage or frequency shifts which would 
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have caused a color shift occurred across conditions in the present 
study. 
Familiarity 
The square stimulus form was assumed to be equally familiar to all 
subjects. Even if this assumption were not met, the practice trials 
should have been sufficient to equate the subjects on this factor prior 
to the data collection trials. 
Naive vs. trained sub jects 
Neff (1936), in reviewing the work of Neuhaus, cites evidence which 
indicates that trained subjects can see optimal apparent movement when, 
under the same conditions, naive subjects have difficulty in seeing move­
ment at all. Thus, subjects should be equated on either amount of train­
ing or level of performance. Amount of training was held constant and 
an attempt was made to equate the subjects on performance by manipulating 
the interpart interval. 
Analytic vs. synthetic attitudes 
Several investigators (Neff, 1936) have presented evidence to show 
that apparent movement is most readily observed under "passive" viewing 
conditions whereas a "searching" attitude under the same physical condi­
tions inhibits the phenomenon. Since the subjects in the present study 
had to develop their own criteria for differentiating between sequential 
and simultaneous part presentation, it is probably safe to assume that 
theirs was a "searching" attitude. 
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Instructions 
Instructions to see movement are very effective under the proper 
conditions (Neff, 1936). The part-presentation rates in the present 
study were such that nothing approaching "optimum" or real-appearing 
motion could be observed. However, an implicit premise of one of the 
hypotheses was that apparent motion factors were relevant to the outcome 
of the study without expressly bringing such factors to the attention of 
the observers. Obviously, any instructions which ask the observer to 
distinguish between simultaneous and sequential conditions (apparent or 
real) impart a "set" which would lead to the use of motion cues of 
available. Such a "set", if consistent, does not negate the evaluation 
of relative sensitivity-to-sequencing among experimental conditions. 
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APPENDIX B 
The formats of Tables 8 and 9 are such that the data can be trans­
ferred directly to punch cards for computer processing, if desired. 
Those columns labelled "ID", "T", and "0" represent the subject identifi­
cation number, treatment, and order of presentation of treatment, res­
pectively. The number designations for treatments were assigned as 
follows. 
1 - sides; adjacent 
2 - angles; adjacent 
3 - sides; opposite 
4 - angles; opposite 
Thus, the series of numbers, 01 1 1, indicates that the data on that line 
represent the behavior of the subject designated 01 when adjacent sides 
were presented consecutively as the first treatment condition in an ex­
perimental session. 
In Table 8, the "X" columns contain the cumulative probabilities of 
responding "SEQUENTIAL" when form parts are presented simultaneously 
(analogous to "false alarm rate"). The "Y" columns contain the cumula­
tive probabilities of responding "SEQUENTIAL" when parts are presented 
sequentially (analogous to "hit rate"). The number in the column heading 
refers to the category level. Each pair of like-numbered Y and X values 
define a single point on the ROC function. Thus, each line of the table 
can be used to plot an ROC function by plotting the Y values of each pair 
on the y axis of a unit square, and the corresponding X values on the 
X axis. 
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For Table 9, the numbers in the "ID", "T", and "0" columns are 
interpreted as previously described. Frequency data are organized by 
rating response category within mode of part presentation. By reading 
across a line, a frequency distribution across categories is obtained 
within each mode of presentation. 
Table 8. Probability values used in deriving ROC functions 
ID T 0 XI Y1 X2 Y2 X3 Y3 X4 Y4 X5 Y5 X6 Y6 
01 1 1 .000 .032 .021 .224 .182 .615 .476 .827 .797 .955 1.000 1.000 
01 2 2 .000 .190 .007 .614 .129 .930 .364 .987 .779 1.000 1.000 1.000 
01 3 3 .007 .027 .007 .174 .143 .584 .340 .785 .755 .933 1.000 1.000 
01 4 4 .000 .149 .013 .514 .146 .905 .364 .973 .747 .993 1.000 1.000 
02 1 3 .000 .026 .070 .409 .303 .786 .592 .909 .887 1.000 1.000 1.000 
02 2 1 .000 .051 .007 .506 .183 .829 .535 .930 .923 .994 1.000 1.000 
02 3 4 .000 .051 .106 .335 .317 .671 .606 .848 .944 .987 1.000 1.000 
02 4 2 .000 .088 .029 .463 .154 .844 .471 .944 .875 1.000 1.000 1.000 
03 1 2 .007 .034 .053 .405 .243 .791 .743 .986 1.000 1.000 1.000 1.000 
03 2 4 .000 .000 .021 .310 .164 .753 .643 .975 1,000 1.000 1.000 1.000 
03 3 1 .000 .039 .070 .316 .329 .723 .748 .948 1.000 1.000 1.000 1.000 
03 4 3 .000 .019 .021 .440 .184 .862 .730 .994 1.000 1.000 1.000 1.000 
04 1 4 .021 .019 .100 .239 .286 .623 .636 .855 .929 .962 1.000 1.000 
04 2 3 .  006 .166 .032 .359 .181 .869 .555 .993 .910 1.000 1.000 1.000 
04 3 2 .026 .061 .093 .250 .344 .615 .675 .845 .940 .986 1.000 1.000 
04 4 1 .000 .201 .014 .447 .099 .849 .454 1.000 .887 1.000 1.000 1.000 
05 1 1 .033 .190 .072 .429 .222 .707 .484 .871 .725 .959 1.000 1.000 
05 2 2 .062 .475 .149 .734 .280 .890 .441 , 970 .752 .993 1.000 1.000 
05 3 3 .082 .277 .220 .496 .390 .738 .547 .837 .799 .972 1.000 1.000 
05 4 4 .083 .361 .228 .574 .386 .839 .524 .923 .745 .981 1.000 1.000 
06 1 3 .013 .014 .091 . 138 .344 .600 .773 .890 .981 .986 1.000 1.000 
06 2 1 .000 .019 .007 .273 .166 .740 .669 .968 .972 .994 1.000 1.000 
06 3 4 .000 .019 .022 .144 .285 .675 .759 .931 .985 1.000 1.000 1.000 
06 4 2 .000 .047 .026 .331 .250 .899 .743 .993 .974 1.000 1.000 1.000 
Table 8. (Continued) 
ID T 0 XI Y1 X2 Y2 X3 Y3 
07 1 2 .000 .000 .013 .184 .261 .752 
07 2 4 .000 .000 .008 .161 .273 .696 
07 3 1 .000 .006 .015 .124 .238 .663 
07 4 3 .000 .006 .014 .117 .273 .669 
08 1 4 .000 .007 .117 .415 .241 .607 
08 2 3 .020 .200 .169 .647 .338 .767 
08 3 2 .007 .065 .197 . 464 .361 .673 
08 4 1 .007 .223 .162 .785 .324 .930 
09 1 1 .000 .108 .053 .347 .229 .605 
09 2 2 .000 .067 .069 .335 .160 .744 
09 3 3 .000 .077 .054 .298 .285 .601 
09 4 4 .000 .164 .033 .493 .170 .829 
10 1 3 .053 . 125 .145 .339 .336 .607 
10 2 1 .008 . 152 .098 .400 .227 .715 
10 3 4 .046 .145 .137 .382 .260 .685 
10 4 2 .020 .200 .095 .520 .259 .747 
11 1 2 .000 .033 .088 .336 .313 .763 
11 2 4 .000 .006 .007 .239 .154 .671 
11 3 1 .000 .029 .054 .275 .349 .655 
11 4 3 .000 .089 .023 .399 .254 .762 
12 1 4 .007 .026 .111 .218 .326 .506 
12 2 3 .000 .065 .070 .341 .318 .571 
12 3 2 .007 .019 .099 .190 .394 .456 
12 4 1 .008 .065 .038 .343 .321 .746 
X4 Y4 X5 Y5 X6 Y6 
837 .979 1 ,000 1.000 1.000 1. 000 
758 .994 1 .000 1.000 1.000 1. 000 
800 .970 1 .000 1.000 1.000 1, 000 
797 .961 1 .000 1.000 1.000 1. 000 
358 .756 .864 .985 1.000 1. 000 
473 .867 .912 .993 1.000 1. 000 
490 .830 .898 .987 1.000 1. 000 
472 .949 .894 1.000 1.000 1. 000 
542 .808 .847 .934 1.000 1. 000 
473 .951 .855 .994 1.000 1. 000 
508 .845 .885 .964 1.000 1. 000 
470 .952 .824 .979 1.000 1. 000 
611 .732 .832 .940 1.000 1. 000 
477 .836 .811 .952 1.000 1. 000 
542 .830 .878 .903 1.000 1. 000 
510 .873 .830 .967 1.000 1. 000 
633 .934 .973 1.000 1.000 1. 000 
455 .877 .958 .994 1.000 1. 000 
612 .871 .969 .988 1.000 1. 000 
515 .952 .969 1.000 1.000 1. 000 
750 .756 .972 .955 1.000 1. 000 
713 .859 .977 .982 1.000 1. 000 
796 .709 .972 .949 1.000 1. 000 
702 .899 .985 .982 1.000 1. 000 
Table 8. (Continued) 
ID T 0 XI Y1 X2 Y2 X3 Y3 X4 Y4 X5 Y5 X6 Y6 
13 1 1 .014 .038 .114 .414 .436 .700 .707 .752 .950 .962 1 .000 1. 000 
13 2 2 .007 .057 .022 .532 .158 .861 .432 .975 .871 .994 1 .000 1. 000 
13 3 3 .007 .042 .119 .371 .391 .531 .662 .713 .960 .937 1 .000 1. 000 
13 4 4 .000 .047 .028 .591 .220 .893 .525 .987 .950 1.000 1 .000 1, 000 
14 1 3 .000 .000 .021 .331 .270 .745 .624 .981 1.000 1.000 1 .000 1. 000 
14 2 1 .000 .000 .061 .247 .238 .620 ..619 .913 1.000 1.000 1 .000 1. 000 
14 3 4 .000 .000 .055 .226 .255 .710 .683 .923 1.000 1.000 1 .000 1. ,000 
14 4 2 .000 .000 .058 .314 .275 .805 .652 .975 1.000 1.000 1 .000 1. 000 
15 1 2 .030 .180 .185 .522 .341 .634 .481 .739 .852 .957 1 .000 1. 000 
15 2 4 .000 .135 .128 .484 .213 .690 .348 .819 .766 .974 1 .000 1, .000 
15 3 1 .007 .175 .181 .494 .285 .688 ,451 .753 .875 .955 1 .000 1. 000 
15 4 3 .000 .245 .132 .673 .250 .816 .395 .925 .868 1.000 1 .000 1. ,000 
16 1 4 .021 .095 .106 .487 .366 .772 .613 .892 .944 ."994 1 .000 1, 000 
16 2 3 .013 .200 .069 .579 .314 .879 .522 .957, .943 1.000 1 .000 1, 000 
16 3 2 .013 .093 .067 .470 .302 .815 .510 .940 .940 .993 1 .000 1. ,000 
16 4 1 .028 .113 .071 .522 .262 .774 .489 .931 .872 1.000 1 .000 1. ,000 
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Table 9. Raw frequency data used in computation of t, chi square, and 
mean confidence level values 
Mode of presentation 
Sequential Simultaneous 
ID T 0 1 2 3 4 5 6 1 2 3 4 5 6 
01 1 1 5 30 61 33 19 8 0 3 23 42 46 29 
01 2 2 30 67 50 9 2 0 0 1 17 33 58 31 
01 3 3 4 22 61 30 22 10 1 0 20 29 61 36 
01 4 4 22 54 58 10 3 1 0 2 20 33 57 39 
02 1 3 4 59 58 19 14 0 0 10 33 41 42 16 
02 2 1 8 72 51 16 10 1 0 1 25 50 55 11 
02 3 4 8 45 53 28 22 2 0 15 30 41 48 8 
02 4 2 14 60 61 16 9 0 0 4 17 43 55 17 
03 1 2 5 55 57 29 2 0 1 7 29 76 39 0 
03 2 4 0 49 70 35 4 0 0 3 20 67 50 0 
03 3 1 6 43 63 35 8 0 0 10 37 60 36 0 
03 4 3 3 67 67 21 1 0 0 3 23 77 38 0 
04 1 4 3 35 61 37 17 6 3 11 26 49 41 10 
04 2 3 24 52 50 18 1 0 1 4 23 58 55 14 
04 3 2 9 28 54 34 21 2 4 10 38 50 40 9 
04 4 1 32 39 64 24 0 0 0 2 12 50 61 10 
05 1 1 28 35 41 24 13 6 5 6 23 40 37 42 
05 2 2 66 36 22 11 3 1 10 14 21 26 50 40 
05 3 3 39 31 34 14 19 4 13 22 27 25 40 32 
05 4 4 56 33 41 13 9 3 12 21 23 20 32 37 
06 1 3 2 18 67 42 14 2 2 12 39 66 32 3 
06 2 1 3 39 72 35 4 1 0 1 23 73 44 4 
06 3 4 3 20 85 41 11 0 0 3 36 65 31 2 
06 4 2 7 42 84 14 1 0 0 4 34 75 35 4 
07 1 2 0 26 80 32 3 0 0 2 38 88 25 0 
07 2 4 0 27 90 50 1 0 0 1 35 64 32 0 
07 3 1 1 20 91 52 5 0 0 2 29 73 26 0 
07 4 3 1 17 85 45 6 0 0 2 37 75 29 0 
08 1 4 1 55 26 20 31 2 0 19 20 19 82 22 
08 2 3 30 67 18 15 19 1 3 22 25 20 65 13 
08 3 2 10 61 32 24 24 2 1 28 24 19 60 15 
08 4 1 33 91 23 3 8 0 1 22 23 21 60 15 
76 
Table 9. (Continued) 
Mode of presentation 
ID T 0 1 2 
Sequential 
3 4 5 6 1 
Simultaneous 
2 3 4 5 6 
09 1 1 18 40 43 34 21 11 0 7 23 41 40 20 
09 2 2 11 44 67 34 7 1 0 9 12 41 50 19 
09 3 3 13 37 51 41 20 6 0 7 30 29 49 15 
09 4 4 24 48 49 18 4 3 0 5 21 46 54 27 
10 1 3 . 21 36 45 21 35 10 7 12 25 36 29 22 
10 2 1 25 41 52 20 19 8 1 12 17 33 44 25 
10 3 4 24 39 50 24 12 16 6 12 16 37 44 16 
10 4 2 30 48 34 19 14 5 3 11 24 37 47 25 
11 1 2 5 46 65 26 10 0 0 13 33 47 50 4 
11 2 4 1 36 67 32 18 1 0 1 21 43 72 6 
11 3 1 5 42 65 37 20 2 0 7 38 34 46 4 
11 4 3 15 52 61 32 8 0 0 3 30 34 59 4 
12 1 4 4 30 45 39 31 7 1 15 31 61 32 4 
12 2 3 11 47 39 49 21 3 0 9 32 51 34 3 
12 3 2 3 27 42 40 38 8 1 13 42 57 25 4 
12 4 1 • 11 47 68 26 14 3 1 4 37 50 37 2 
13 1 1 6 59 33 20 33 6 2 14 45 38 34 7 
13 2 2 9 75 52 18 3 1 1 2 19 38 61 18 
13 3 3 6 47 23 26 32 9 1 17 41 41 45 6 
13 4 4 7 81 45 14 2 0 0 4 27 43 60 7 
14 1 3 0 52 65 37 3 0 0 3 35 50 53 0 
14 2 1 0 37 56 44 13 0 0 9 26 56 56 0 
14 3 4 0 35 75 33 12 0 0 8 29 62 46 0 
14 4 2 0 50 78 27 4 0 0 8 30 52 48 0 
15 1 2 29 55 18 17 35 7 4 21 21 19 50 20 
15 2 4 21 54 32 20 24 4 0 18 12 19 59 33 
15 3 1 27 49 30 10 31 7 1 25 15 24 61 18 
15 4 3 36 63 21 16 11 0 0 20 18 22 72 20 
16 1 4 15 62 45 19 16 1 3 12 37 35 47 8 
16 2 3 28 53 42 11 6 0 2 9 39 33 67 9 
16 3 2 14 57 52 19 8 1 2 8 35 31 64 9 
16 4 1 18 65 40 25 11 0 4 6 27 32 68 4 
77 
APPENDIX C 
Session #1 
General stimulus viewing instructions 
The buzzer you heard when we were adjusting the white noise level 
is a warning buzzer. When it sounds, it signifies that the stimulus 
will be presented in one second. When the buzzer sounds, fixate the 
light spot steadily. Do not blink. Do not move your head. After the 
stimulus has been presented, you may blink or shift your position slightly 
if necessary. Remember, when the buzzer sounds, fixate the spot of 
light, do not blink or move your head. 
If your eyes or head are moving during the stimulus presentation, 
you may observe one of the following things. The figure may appear to 
come apart or fragment, you may see a double image, or the fixation point 
may appear to shift to one side or into a corner of the square. (Subject 
was instructed to move his head while the stimulus was presented so that 
he could observe the aforementioned phenomena.) If the image fragments, 
is double, or the fixation point is off center when the stimulus is pre­
sented, I want you to always respond by saying "ZERO". 
Brightness match instructions 
The first task I want you to perform is a brightness matching task. 
I will present the stimulus a number of times in a row. Your task is 
to compare each stimulus just observed with the just previously observed 
stimulus and make the judgment -- "Brighter", "Dimmer", or "Same". Base 
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your judgment on your overall impression of the brightness of the square. 
Keep making the matching judgments as long as the square is presented. 
Rating procedure 
Now I am going to present the stimulus form in several blocks of 
trials. Within each block of trials, the form parts will be presented 
sequentially half the time and simultaneously half the time. The order 
in which these types of presentations are made will vary randomly. 
Your task is to decide whether the form parts were presented simul­
taneously or sequentially each time and also to give me an estimate of 
how sure you are you have made the right choice. To do this, you will 
use a six point rating scale. The scale is as follows. 
1 - Sequential, very sure 
2 - Sequential, fairly sure 
3 - Sequential, guess 
4 - Simultaneous, guess 
5 - Simultaneous, fairly sure 
5 - Simultaneous, very sure 
Use "ZERO" for fragmented, double, or displaced images. 
Now let's practice using the scale to be sure you have the labels 
and numbers correctly matched. (Experimenter gave numbers and subjects 
responded with the category labels, or vice versa, as practice.) Now 
let's practice while actually viewing the stimulus presentation. Give 
the complete number and label combination for the category you wish to 
use each time you respond. (Subject practiced viewing presentations mth 
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interpart intervals of about 20 msec.) As you become more familiar with 
the task work at making your judgments as soon after the stimulus presenta­
tion as possible. 
Before each block of trials, I will rehearse you a few times on the 
scale to make sure you are using the numbers and labels correctly. Re­
member , the parts of the stimulus are presented sequentially half the 
time and simultaneously half the time. 
Try to use all the categories of the scale. Of course you should 
make fewer mistakes when you use categories 1 and 6 than when you use 
categories 2 and 5. Likewise, you should make fewer mistakes when you 
use categories 2 and 5 than you do when you use categories 3 and 4. 
(Subjects were then given practice in viewing the stimulus presenta­
tions under all experimental conditions for the rest of this first ses­
sion, All conditions were presented the same number of times.) 
Session #2 
General instructions 
This is the first of two full training session. The purpose of 
these training sessions is to allow you to develop criteria for your 
judgments of how the form parts were presented, that is, sequential or 
simultaneous. It is extremely important that you maintain a consistent 
level of attention at all times when you are viewing the display. You 
should determine the level of attention you can maintain during this 
training session. Then maintain that same level of attention throughout 
all the remaining sessions. Under no circumstances should you change 
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your level of attention once the data collection sessions begin. If 
anything is keeping you from giving the display your undivided atten­
tion, let me know and we will stop and attempt to correct the situation. 
You should be working toward establishing a definite set of criteria 
for your judgments of the display during this session. By the end of 
today's session you should have pretty well in mind the characteristics 
of the display which differentiate for you between the sequential and 
simultaneous presentation of form parts. 
(The rating scale was reviewed at this point.) 
(General viewing instructions were reviewed.) 
Presentation conditions 
Remember, the form parts are presented sequentially half the time 
and simultaneously half the time. The order in which these conditions 
are presented is random. Therefore, there is no pattern to the order in 
which the conditions are presented. The same condition can occur several 
times in a row, or any combination of patterns may occur. Base your 
judgment solely on the characteristics you observe in the stimulus pre­
sentation. Do not base your response on a particular pattern of previous 
responses. 
Try to use all the categories of the scale when responding. However, 
do not force a distribution of your responses among the categories in any 
artificial manner. In other words, call them the way you see them based 
on your criteria. 
Remember, when using the scale categories, you should make fewer 
mistakes when you use categories 1 and 6 (very sure) than when you use 
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categories 2 and 5 (fairly sure). Likewise, you should make fewer mis­
takes with categories 2 and 5 than you do with categories 3 and 4 -- the 
guess categories. 
Session #3 
General instructions 
This is the second of the training sessions. By now you should have 
your criteria for the sequential and simultaneous judgments fairly well 
in mind. Today you should be further confirming these criteria and work­
ing towards finer discriminations in using the various categories within 
sequential and simultaneous. 
Remember, keep your attention level consistent. Also work towards 
consistency in the use of your criteria. Consistency in these two areas 
is extremely important during the data collection sessions. 
(Subjects practiced use of the rating scale.) 
(General viewing instructions were reviewed.) 
(Presentation conditions were reviewed.) 
Sessions 4, 5, and 6 
General instructions 
This is the (first, second, third) data collection session. Remem­
ber, a consistent level of attention in viewing the stimulus and con­
sistent use of the category rating scale are absolutely essential. 
(Subjects were given practice in use of the rating scale.) 
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(General viewing instructions were reviewed.) 
(Presentation conditions were reviewed.) 
Give me the complete number-label combination of the rating scale 
during the warmup trials. At the beginning of each block of trials give 
me the complete number-label combination for the first few trials. Then 
for the rest of the trials in the block, you may drop the label and give 
only the category number as a response. 
